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Introduction
Sensors based on optical fibers are becoming increasingly important for the measurements at long distance and also because of the possibility of multiplexing several sensors connected in series without the requirement of additional circuitry or power elements in the area except the optical sensing device. Magnetostrictive materials have been used for the construction of magnetic sensors and actuators, tunable optical filters, etc. The fiber Bragg gratings (FBG) have the great advantage of being immune to electromagnetic interference while maintaining the simplicity of the measurement system and reducing the number of elements involved in this process. FBG is based on a periodic modulation of the refractive index of the core in the optical fiber, the period of the modulation determines the wavelength of the reflected light called Bragg wavelength [1] and is given by; = 2 Λ, where is the reflected Bragg wavelength, is the effective refractive index is effective refractive index of the core and Λ is the period of the perturbation. The Bragg wavelength can be expressed as the sum of the effects of two contributions mainly strain and temperature [2]; = 1 − − + + + Δ , the first term represents deformation dependence, where p and p are the coefficients of the strain-optic tensor, ν is the Poisson coefficient, ε represents the strain in ppm; the second term shows the temperature dependence, where α Λ represents the thermal expansion coefficient of the fiber and dn/dT, represents the change in refractive index with temperature. The dependence of the Bragg wavelength on the temperature and strain simultaneously, requires in the majority of cases to isolate both effects. This may be achieved in the simplest way by entering another FBG that is only subjected to temperature effect. The saturation magnetostriction, λ s, can be determined applied magnetic field. Relations are given by Eq.(1): λ = λ ‖ λ ┴ . The aim of this study is to measure simultaneously the strain in the parallel and perpendicular to the main axis of a sample of Metglas 2605 CO directions, and determine de saturation magnetostriction and the anisotropy field of the composite sample.
Experimental
Metglas 2605 CO is an amorphous material with high magnetostriction (λ S =35ppm). In a rapid solidification of Metglas the ribbon has a curvature due to fabrication process. Two sheets of Metglas were glued together with opposite curvature in order to compensate the curvature and get a flat sample. Due to high magetostriction constant and the stress applied to the ribbon during the fabrication process and when the two ribbon are glued together (due to the bending and the drying process of the glue), the samples get an anisotropy field of magnetoelastic origin, which is very different in both samples under study. Fig.1a shows the magnetic hysteresis loop of Metglas 2605CO. At zero magnetic field the sample is close to saturation, which agrees with the magnetostriction measurements that reflects a magnetic anisotropy field. Sample 1 (Fig.1b ) has been built with two pieces of metglas 3x1cm glued with cianoacrilato, with an FBG placed aligned in the longitudinal direction of the sample and an additional FBG for temperature compensation connected in series (outside of the Metglas sandwich). With the final flat sample it is avoided a deformation of the sample due to the magnetic force caused by the in plane applied magnetic field. Sample 2 ( Fig.1c ) was built with two pieces of Metgas 1x1cm 2 glued with epoxy resin: one FBG was perpendicular to the other, in order to measure simultaneously both strains in two perpendicular directions. The measuring setup is shown in Fig.2a . Samples were placed in a Helmholtz coils fed by a current source. To monitor the FBG, we employed an optical Micron Optics interrogator (sm125) which consists of an optical source that sweeps between 1510nm and 1590nm and a detector that is capable of extracting data from the reflected wavelength. Fig.2b shows a triangular current signal (of frequency 0.01Hz, and 10A of amplitude) applied to the Helmholtz coils (blue). With the optical interrogator the peaks of the FGB optical response (red) were measured.
Result and discussion
We have measured the strain with the FBG in magnetic field applied in the axial (Fig.3a) and in the perpendicular direction of the FBG (Fig.3a inset) : λ ‖ and λ ┴ . At low fields, the relation between magnetostriction and external magnetic field is: with λ for the magnetic field applied perpendicular to the easy magnetization axis, or perpendicular to the anisotropy field direction. 
Metglas 2605Co
As-prepared We use the effective constant, C eff . That includes the effect of the two ribbon glued together, the glue itself and the FBGs. All these cause a significative change of the intrinsic C parameter of the ribbon, and so the effective anisotropy field H a-eff. In Table 1 the calculated C eff and H a-eff and the experimental saturation magnetostriction are listed for sample 1 and 2, calculated with Eq.(1). The condition for an isotropic sample is: λ ┴ -λ . It was not obtained in any of the two samples, giving evidence of the effective anisotropy field of magnetoelastic origin. We have measured the hysteresis of the magnetostriction (Fig.3b) , which is around 100A/m. For a linear sensor response, we have to apply a magnetic field of 3 kA/m to get a linear response between ±1kA/m with a sensitivity of 3.5 ppm/kA/m. Fig.4a shows the magnetostriction measurements of sample 2, with booth perpendicular FBGs. It also measures the wavelength shift of the FBGref used for temperature measurement in order to make a temperature compensation. In Fig.4b there are the plots of wavelength shift in FBG ref and FBG in Metglas. For FBG ref the experimental temperature coefficient is 9.2 pm/ºC, and for FBG in Metglas it is obtained a coefficient of 21.9 pm/ºC. Fig.4 shows the magnetostriction measurements of FBG1 and FBG2 in sample 2, for the magnetic field aligned with FBG1 (Fig.4c) , and with the magnetic field perpendicular to FBG1 (Fig.4d ). When the magnetic field is applied in the direction of the anisotropy field, the magnetostriction is very low, and when the magnetic field is applied in the perpendicular direction Fig.4 : (a) Simultaneous measurement of λ ‖ and λ ┴ ( ) (red and blue) and the measurement of the temperature drift with FBGref (green), (b) Wavelength shift versus temperature for FBG glued in metglas, and for FBG ref , used as a temperature sensor. Simultaneous measurement of λ ‖ ( ) and λ ┴ ( ) for a triangular magnetic field of 8kA/m amplitude and 0.01Hz frequency, (c) for FBG1 parallel to applied magnetic field, (d) for FBG1 perpendicular to applied magnetic field.
Conclusions
We have designed an FBG and magnetostrictive Metglas 2605 based magneto-optic sensor, were able to measure simultaneously λ ‖ and λ ┴ with two perpendicular FBG´s and calculate the saturation magnetostriction value. Additional FBG was used for temperature measurement and compensation of the thermal effects.
